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ABSTRACT 

Harvests of P a c i f i c  her r ing  (Clupea harengus p a l l a s i )  from t h e  Kamishak and 
Southern D i s t r i c t s  s ac  roe f i s h e r y  within t h e  Lower Cook I n l e t  Management Area 
of Alaska were sampled f o r  sex,  age, weight,  and length  during April  and May 
1989. Tes t  f i s h  ca tches  of her r ing  from t h e  Outer D i s t r i c t  were a l s o  sampled f o r  
spec i e s  composition a s  well during t h e  month of J u l y .  

In t h e  Kamishak D i s t r i c t  t h e  harves t  was est imated t o  be 4365 tonnes (4801 tons )  
and t h e  spawning biomass a t  20,452 tonnes (22,497 t o n s ) .  In t h e  ca tch  o r  e a r l y -  
spawning he r r ing  samples, t h e r e  were more males (55%) than females.  More than 
70% of t h e  samples were represented  by only t h r e e  age groups: age-5 (1984 yea r  
cl  a s s ) ,  age-6 (1983 year  c l a s s ) ,  and age-8 (1981 year  c l a s s e s ) .  They were 36.1%, 
22.1%, and 13.2% of t h e  samples, r e s p e c t i v e l y .  Mean weight and length  of t h e  
weighted ca tch  samples were 207 g and 242 mm. No age composition samples were 
c o l l e c t e d  from t h e  1,445-tonne (1 ,590- ton)  biomass of 1 ate-spawning he r r ing ,  
observed a f t e r  t h e  f i s h e r y  was completed. Ins tead ,  t h e  age s t r u c t u r e  of t h e  
late-spawning her r ing  was est imated from t h e  regress ion  of la te-spawning he r r ing  
on early-spawning her r ing  and age. Mean weight of t h e  1 ate-spawning biomass was 
a1 so es t imated  from a regress ion  of 1 ate-spawni ng mean weights on early-spawni ng 
mean weights .  The late-spawning biomass was der ived  from t h e  product of t h e  
est imated numbers of f i s h  and i t s  es t imated mean weight.  The la te-spawning 
biomass was observed between 15 May and 12 June and est imated t o  be 1,445 tonnes 
(1,590 t o n s ) .  Another 9,213 tonnes (10,135 tons )  was observed on 12 June,  but 
t h e r e  i s  some unce r t a in ty  whether t hese  f i s h  were previously counted in  t h e  
spawning biomass. The ca l cu la t ed  late-spawning biomass was in  between t h e  two 
a e r i a l  survey e s t ima te s .  

In t h e  Southern D i s t r i c t ,  t h e  harves t  biomass was est imated t o  be 155.8 tonnes 
(171.4 t o n s ) ,  while  t h e  spawning biomass was est imated t o  be 1818.2 tonnes 
(2000.0 t o n s ) .  Age, sex ,  and s i z e  of t h e  spawning biomass was assumed t o  be 
s i m i l a r  t o  t h e  ca t ch .  In t h e  catch samples, 55% were males and 75% were e i t h e r  
age-4 (32.0%),  -5  (33.3%) o r  -6 (9.7)  f i s h  from t h e  1985, 1984, and 1983 yea r  
cl  a s se s .  Mean weight and length  of t h e  combined ca tch  samples were 152 g and 222 
mm . 
The Outer D i s t r i c t s  biomass was est imated t o  be 29,545 tonnes (35,200 t o n s )  and 
t h e  Eastern D i s t r i c t  30,000 tonnes (33,000 tonnes ) .  Tes t  f i s h  samples were 
mostly age-1 from t h e  1988 year  c l a s s ,  d e s p i t e  observable d i f f e r e n c e s  i n  body 
s i z e .  Sex composition could not be determined. Some samples i n  t h e  Outer 
D i s t r i c t  were composed e n t i r e l y  of cape l in .  Mean weight and length  of t h e  
combined samples were 106 mm and 15 g in  t h e  Outer D i s t r i c t  and 113 mm and 18 g 
in  t h e  Eastern D i s t r i c t ,  

KEY WORDS: Abundance, age, Clupea harengus p a l l a s i ,  P a c i f i c  he r r ing ,  l eng th ,  
Lower Cook I n l e t ,  sex ,  weight 



INTRODUCTION 

The Lower Cook I n l e t  Management Area i s  comprised o f  a l l  waters  west o f  t h e  
l o n g i t u d e  o f  Cape F a i r f i e l d  i n  t h e  G u l f  o f  Alaska, n o r t h  o f  t h e  l a t i t u d e  o f  Cape 
Douglas i n  She l i ko f  S t r a i t s ,  and sou th  o f  t h e  l a t i t u d e  o f  Anchor P o i n t  i n  Cook 
I n l e t .  The area i s  subd iv ided  i n t o  f o u r  management d i s t r i c t s :  Kamishak, 
Southern, Outer,  and Eastern (F igure  1 ) .  Since 1961 catches o f  P a c i f i c  h e r r i n g  
(Clupea harengus pa1  l a s i )  have been documented i n  a1 1  d i s t r i c t s .  Throughout t h i s  
p e r i o d  t h e  A laska  Department o f  F i s h  and Game (ADF&G) ma in ta i ned  a  resource  
m o n i t o r i n g  program t o  c o l l e c t  da ta  f rom t h e  f i s h e r y  and t h e  c o n t r i b u t i n g  spawning 
popu la t i ons .  By r e g u l a t i o n  purse se ines have been t h e  o n l y  gear  a l lowed i n  t h e  
sac r o e  f i s h e r y .  E n t r y  i n t o  t h e  sac r o e  f i s h e r y  was l i m i t e d  i n  1978, a t  which 
t ime  75 p e r m i t s  were issued.  Sampl i n g  o f  t h e  h e r r i n g  ca t ch  f o r  age, sex, weight ,  
and l e n g t h  da ta  began i n  1972 and has been r e p o r t e d  annua l l y  i n  t h e  Lower Cook 
I n l e t  Annual Management Report  Se r i es  (e.g. Schroeder and Mor r i son  1989). 
Assessment o f  t h e  spawning biomass began i n  1978 w i t h  a  program o f  a e r i a l  surveys 
and t e s t  f i s h i n g  f o r  age composi t i o n .  A t o t a l  c l o s u r e  o f  t h e  commercial h e r r i n g  
f i s h e r y  occur red  f o r  t h e  1980-84 p e r i o d  because o f  l ow  s t o c k  abundance. The 
Kamishak, Eastern,  and Outer  D i s t r i c t s  were reopened i n  1985 and t h e  Southern 
D i s t r i c t  i n  1989. 

The t i m i n g  o f  t h e  s p r i n g  sac r o e  f i s h e r y  has been f rom m i d - A p r i l  t o  e a r l y  May. 
O lder  h e r r i n g  t end  t o  appear on t h e  spawning grounds be fo re  t h e  younger h e r r i n g .  
H e r r i n g  movement w i t h i n  t h e  Kamishak D i s t r i c t  has g e n e r a l l y  been f rom sou th  t o  
n o r t h .  The c u r r e n t  management s t r a t e g y  l i m i t s  t h e  ha rves t  r a t e  t o  20% o f  t h e  
es t imated  biomass by weight  f o r  age-6 and o l d e r  h e r r i n g  and 10% o f  t h e  biomass 
by we igh t  o f  h e r r i n g  age-5 and younger. Age, weight,  and l e n g t h  (AWL) d a t a  f rom 
t h e  purse  se ine  sac r o e  f i s h e r y  a re  used t o  determine r u n  t i m i n g  o f  t h e  younger 
f i s h ,  update t h e  ha rves t  s t r a t e g y ,  mon i t o r  yea r  c l a s s  s t r eng ths ,  measure 
r ec ru i tmen t ,  and prepare a  long-range f o r e c a s t  o f  abundance. 

Dur ing  1989 o n l y  t h e  Kamishak and Southern D i s t r i c t s  were open t o  t h e  sac r o e  
f i s h e r y .  The o b j e c t i v e s  o f  t h e  1989 h e r r i n g  sampl ing program i n  t h e  Kamishak and 
Southern D i s t r i c t  were t o  ( 1 )  es t ima te  t h e  prespawning and ear l y -spawn ing  
biomass between mid -Apr i  1  and mid-May, when t h e  commercial f i s h e r y  was a c t i v e ,  
(2)  es t ima te  t h e  spawning biomass between mid-May and June, t h e  p e r i o d  a f t e r  t h e  
commercial f i s h e r y ,  (3 )  es t ima te  t h e  age composi t ion o f  t h e  ha rves t ,  ( 4 )  
c a l c u l a t e  t h e  biomass o f  each age group d u r i n g  t h e  p e r i o d  o f  t h e  ha rves t ,  ( 5 )  
p r o v i d e  a l l  es t ima tes  across t ime  and geographica l  areas, and (6 )  p r o v i d e  
es t imates  as soon as p o s s i b l e  t o  suppor t  in -season d e c i s i o n  making. The 
o b j e c t i v e s  i n  t h e  Outer  D i s t r i c t  were s imp ly  t o  es t ima te  t h e  age compos i t i on  o f  
t h e  post -spawning biomass. 

METHODS 

Lower Cook I n l e t  sac r o e  h e r r i n g  catches a re  no rma l l y  r e p o r t e d  s e p a r a t e l y  f o r  t h e  
Kami shak, Outer  and Eastern D i s t r i c t s  (F igure  1). The Kami shak D i s t r i c t  
catches, however, a re  f u r t h e r  subd iv ided  i n t o  seven areas (F i gu re  2 ) .  Each o f  
t h e  management d i s t r i c t s  and seven areas was cons idered a  geograph ica l  sampl ing 
s t r a t a .  



The 1989 s a c  roe  and t e s t  f i s h e r y  was not  expected t o  l a s t  more than 3 weeks. 
Furthermore, t h e  younger f i s h  were not expected t o  appear u n t i l  t h e  l a t t e r  h a l f  
of t h e  f i s h e r y .  For those  reasons each day of ac tua l  commercial o r  t e s t  f i s h i n g  
was considered a temporal sampling s t r a t a .  

Sample s i z e s  were s e t  f o r  each sampling s t r a t a  such t h a t  a l l  of t h e  es t imated  age 
c l a s s  ( i )  p ropor t ions ,  p i ,  from a mu1 tinomial populat ion of k age groups were 
s imultaneously wi th in  a spec i f i ed  d i s t a n c e ,  d ,  of t h e i r  t r u e  populat ion age 
propor t ions ,  II,, 95% of t h e  time ( 1  - a ) .  That i s ,  

where d and a ,  t h e  confidence 1 eve1 , was chosen t o  be 0.05. Thompson (1987) 
ca l cu la t ed  a maximum sample s i z e  of 510 f o r  a worse case  scena r io  when t h r e e  age 
c l a s s e s  were present  in  equal numbers and d = a = 0.05. Any dev ia t ion  in  t h e  
number of age c l a s s e s  o r  unequal con t r ibu t ions  by age c l a s s  would r e q u i r e  a 
smal le r  sample s i z e .  Therefore,  t h e  numbers of f i s h  i n i t i a l l y  c o l l e c t e d  and s e n t  
back t o  Homer f o r  processing was t h e  worse case  scena r io  (510) ,  p lus  an generous 
allowance (30%) f o r  unreadable s c a l e s .  Sample s i z e s  were es t imated  when about 
two- th i rds  (300 f i s h )  of t h e  sample were processed. A t  t h a t  t ime,  t h e  age 
propor t ions ,  p i ,  were determined. These were then used a s  a p r i o r i  e s t ima te s  t o  
c a l c u l a t e  a sample s i z e  n such t h a t  

where: 
a j  = 2(1  - Q ( z i ) ,  

Q ( z i )  = a rea  under t h e  s tandard normal d i s t r i b u t i o n ,  and 
(2 

z i  = d / n i / /  (p i  ( 1 - p i ) ) .  (3) 

The sma l l e s t  n t h a t  s a t i s f i e d  equat ions  (1 ) - (3 )  was then used a s  es t imated  t o  
t o t a l  numbers of f i s h  t o  process  a f t e r  i t  was rounded up t o  t h e  nea re s t  20 f i s h  
(he r r ing  s c a l e s  were mounted on g l a s s  s l i d e s  in groups of 20) ,  increased by t h e  
observed unreadable r a t e ,  and rounded up again t h e  nea re s t  20 f i s h .  I f ,  a f t e r  
n f i s h ,  i t  was determined t h a t  t h e  a p r i o r i  e s t ima te  of sample s i z e  was 
i n s u f f i c i e n t ,  addi t iona l  f i s h  were processed. 

Samples were obtained during each f i s h e r y  opening from randomly s e l e c t e d  f i s h i n g  
ves se l s  throughout a management subarea.  Idea l ly ,  f o r  each f i s h i n g  per iod ,  
samples from t h e  ca tch  of a minimum of two boats  were c o l l e c t e d .  These f i s h i n g  
ves se l s  would be wait ing f o r  a t ende r  t o  pump t h e i r  f i s h  out  of t h e i r  pursed 
se ines  when samples were d ip -ne t t ed  from t h e  s e i n e  n e t .  Samples were s i m i l a r l y  
obtained from t e s t  f i s h  ca tches  where a purse s e i n e r  was con t r ac t ed  t o  f i s h  a t  
a t ime and a rea  designated by t h e  department.  The samples were packaged in  15-kg 
(33 Ib )  boxes and flown t o  Homer f o r  processing.  I f  t h e r e  were more Kamishak o r  
Southern D i s t r i c t  f i s h  than was requi red  f o r  a sampling s t r a t a ,  each 15-kg box 
was subsampled, simply by dumping t h e  same proport ion from a l l  of 15-kg boxes 
i n t o  a s i n k ,  processing every f i s h  in  t h e  s i n k ,  and repea t ing  a s  necessary.  The 
Outer and Eastern D i s t r i c t  samples, however, were subsampled in  a d i f f e r e n t  
manner. Here, t h e  ob jec t ive  was t o  f i n d  f i s h  o lde r  than age-1. Therefore,  each 



sample was f i r s t  so r t ed  by s i z e .  Then t h e  numbers of f i s h  in  each s i z e  group was 
determined. F i n a l l y ,  a subsample of each s i z e  group propor t iona l  t o  t h e  r e l a t i v e  
abundance of t h e  s i z e  group was made where every f i s h  in  t h e  l e a s t  abundant s i z e  
group was processed. Mult iple  s c a l e s  were a l s o  taken from t h e  l a r g e r  f i s h  t o  
v e r i f y  t h a t  they  were only age-1 f i s h .  

Each f i s h  was measured t o  t h e  nea re s t  mi l l imeter  from t h e  t i p  of t h e  snout  t o  t h e  
end of t h e  hyperal p l a t e  and weighed t o  t h e  nea re s t  gram. Sex determined from 
an inspec t ion  of e i t h e r  t h e  gonads o r  sex products .  The s c a l e s  of up t o  20 f i s h  
were mounted on a g l a s s  s l i d e .  One s c a l e  was removed, p re fe rab ly ,  from t h e  l e f t  
s i d e  of t h e  he r r ing  above t h e  pectoral  f i n ,  3 o r  4 s c a l e s  p o s t e r i o r  of t h e  
operculum. I f  s c a l e s  above the  pectoral  f i n  were not present  on t h e  l e f t  s i d e ,  
then they  c o l l e c t e d  from t h e  same a rea  on t h e  r i g h t  s i d e  of t h e  f i s h .  I f  t h e  
her r ing  was from a sample where most of t h e  s c a l e s  were missing,  then any s c a l e  
ava i l  ab l e  was used. The s c a l e s  were c leaned ,  dipped in a 10% muci 1 age s o l u t i o n  
and pos i t ioned  unsculptured s i d e  down on a 1 abel ed g l a s s  s l  i de .  Images of s c a l e s  
were magnified 29x by a microfiche reader  and t h e  number of annul i  per  s c a l e  was 
counted t o  determine age. 

Est imates  of s tandard e r r o r  by age c l a s s  were der ived  according t h e  procedures 
f o r  s t r a t i f i e d  random sampl i  ng descr ibed by Snedecor and Cochran (1967).  

where: 
Ch2 = t h e  her r ing  catch in  t h e  h th  s t ra tum.  
sh2 = t h e  sample var iance  in  t h e  h th  s t ratum. 

I t  was of i n t e r e s t  t o  desc r ibe  t h e  age composition a s  i t  d i f f e r e d  through time 
and by l o c a t i o n .  Yet, i f  d i f f e r e n c e s  d id  not e x i s t  i t  was d e s i r a b l e  t o  pool 
samples ad jacent  i n  t ime and a rea  t o  minimize sampling. The dec is ion  t o  pool 
samples was based on a chi -square t e s t  of a contingency t a b l e  f o r  age c a t e g o r i e s  
by l o c a t i o n .  The nul l  hypothesis  being t e s t e d  was t h a t  both samples were from 
the same multinomial populat ion.  Samples were pooled only i f  t h e  nul l  hypothesis  
was accepted,  i . e .  no s i g n i f i c a n t  d i f f e r e n c e  through time and a rea ,  a > 0.05. 

The t o t a l  tonnage of t h e  her r ing  harves t  during each period was obtained from 
harves t  r e c e i p t s  ( f i s h  t i c k e t s )  which document each s a l e  by a 1 icensed fishermen. 
The spawning biomass was obtained from a e r i a l  surveys.  

A t o t a l  of 21 a e r i a l  surveys were conducted in  t h e  Kamishak D i s t r i c t  between 19 
April  and 12 June. Many of t hese  were only p a r t i a l  surveys due t o  weather and 
water cond i t i ons .  Surveys were flown as  c l o s e  t o  an a l t i t u d e  of 610 m (2,000 f t )  
a s  poss ib l e  in  a s i n g l e  engine a i r c r a f t .  The surveys were flown a t  var ious  t i d e  
s t a g e s .  However, t h e  period between low s l a c k  water t o  approximately 3 - 4  h i n t o  
t h e  f lood  appeared t o  provide t h e  bes t  water c l  a r i  t y  and t h e  most v i s i b l e  school s 
of he r r ing .  The t o t a l  number of schools  were counted, and t h e  volume of 
ind iv idua l  schools  was est imated in  tons  by experienced observers .  

Aerial  survey e s t ima te s  were c a l i b r a t e d  in  t he  fol lowing manner. The a e r i a l  
surveyor est imated t h e  tonnage of a school while i n  t h e  a i r  and then d i r e c t e d  a 
f i s h i n g  vessel  t o  s e t  i t s  s e i n e  around t h e  same school .  I f  t h e  e n t i r e  school was 



enc i r c l ed  by purse s e i n e ,  t h e  her r ing  biomass in  t he  s e i n e  was compared with t h e  
a e r i a l  surveyor ' s  e s t ima te .  On 7 May 1988, t h e r e  were two s e t s  used f o r  
c a l i b r a t i o n .  The combined est imated biomass was 50 tons ,  while t h e  corresponding 
landed biomass was 51.3 tons ,  o r  2.6% low. On 4 May 1989 t h r e e  s e t s  were used 
f o r  c a l i b r a t i o n .  A1 toge the r ,  t h e  est imated biomass was 43.6 tonnes (48 t o n s ) ,  
while t h e  corresponding landed biomass was 38.6 tonnes (42.5 t o n s ) ,  o r  t h e  
e s t ima te  was high by 12.9%. 

No age and s i z e  composition samples were taken from t h e  1989 late-spawning 
biomass. Ins tead ,  a log- log  regress ion  of late-spawning he r r ing  on e a r l y -  
spawning he r r ing  and age ( r  squared = .65, df = 13; Figure 3 )  was used t o  
e s t ima te  t h e  numbers of late-spawning her r ing .  The numbers of f i s h  est imated by 
t h i s  method tended t o  be on t h e  low s i d e  f o r  t h e  younger f i s h .  A l og - log  
regress ion  of  late-spawn on e a r l y  harves t  and spawn mean weight ( r  squared = .99, 
df = 15; Figure 4) was used t o  e s t ima te  t h e  late-spawn mean weight;  l a t e  spawners 
tend t o  be sma l l e r .  Two years  of d a t a ,  1987 and 1988, were a v a i l a b l e  f o r  t h e  
regress ion  models. 

RESULTS 

The preseason f o r e c a s t  of abundance f o r  t h e  Kamishak D i s t r i c t  was 35,112 tonnes 
(38,623 tons )  with a s ac  roe  harves t  of about 4,811 tonnes (5,292 t o n s )  expected. 
About 74 s e i n e r s  p a r t i c i p a t e d  in  t h e  f i s h e r y ,  d e l i v e r i n g  a t o t a l  ha rves t  of 
4,364.9 tonnes (4801.4 t o n s ) .  The Kamishak D i s t r i c t  spawning biomass was 
est imated t o  be 20,451.8 tonnes (22,497.0 t o n s ) .  

There was no preseason f o r e c a s t  prepared f o r  t h e  Southern D i s t r i c t .  About 13 
s e i n e r s  f i s h e d  t h e  Southern D i s t r i c t .  However, only 6 v e s s e l s  made d e l i v e r i e s  
f o r  a t o t a l  harves t  of 155.8 tonnes (171.4 t o n s ) .  The Southern D i s t r i c t  spawning 
biomass was est imated t o  be 1,818.2 tonnes (2,000.0 t o n s ) .  

There was no sac  roe  f i s h e r y  in t h e  Outer and Eastern D i s t r i c t s .  The Outer and 
Eastern D i s t r i c t  never opened on 20 April  due t o  t h e  presence of o i l  from t h e  
Exxon Valdez o i l  s p i l l .  On J u l y  18, a e r i a l  surveyors  est imated t h e  biomass t o  
be 29,545 tonnes (35,200 t o n s )  i n  t h e  Outer D i s t r i c t  and more than 30,000 tonnes 
(33,000 tons )  in  t h e  Eastern D i s t r i c t .  Herring in  J u l y  a r e  not considered t o  be 
spawning . 

Kamishak D i s t r i c t  Commercial Catch 

Within t h e  Kamishak D i s t r i c t  t h e r e  were 6 d of f i s h i n g  in  f o u r  a r eas  (Tables 1 
and 2 ) .  The sample s i z e s  of readable s c a l e s  ranged from 136 t o  477 (Table 3 ) .  
With only one except ion ,  t he  same t h r e e  age groups were found t o  predominate i n  
t h e  samples: age-5 (1984 year  c l a s s ) ,  age-6 (1983 yea r  c l a s s ) ,  and 8 (1981 year  
c l a s s ) .  The except ion was found on 30 April  when over 12% of t h e  samples were 
age-9 (1980 year  c l a s s ) .  The 4 May sample a l s o  had 9.5% of age-9 f i s h .  



On 20 A p r i l  catches were r e p o r t e d  f rom t h r e e  management areas: 173.2 tonnes 
(190.5 tons )  f rom Area #5, 83.5 tonnes (91.8 tons )  f rom Area #7, and 45.0 tonnes 
(49.5 tons )  f rom Area #9. The corresponding ca t ch  samples were 136 readab le  
sca les  f rom Nordyke Reef, 215 f rom F o r t i f i c a t i o n  B l u f f ,  and 214 f rom I 1  iamna Bay. 
There were no s t a t i s t i c a l  d i f f e r e n c e  between t h e  age composi t ions f r om  Nordyke 
Reef and t h e  o t h e r  two area2: F o r t i f i c a t i o n  B l u f f  ( x2  = 10.56, P =0.68, d f  = 12; 
Table  4) and I 1  iamna Bay ( X  = 9.32, P = 0.58, d f  = 12; Table  4 ) .  However, t h e r e  
were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  F o r t i f i c a t i o n  B l u f f  and t h e  I n i s k i n  Bay 
samples ( X  = 26.40, P =0.01, d f  = 11; Table  4 ) .  E s s e n t i a l l y ,  t h e r e  were t w i c e  
as many age-5 h e r r i n g  i n  t h e  F o r t i f i c a t i o n  B l u f f  samples. Never the less,  a l l  3  
samples were s i m i l a r  i n  t h a t  ages 5, 6, and 8  were dominant. Because t h e  
i n d i v i d u a l  sample s i z e s  were smal l ,  a l l  t h r e e  were combined t o  c r e a t e  t h e  f i r s t  
sample s t r a t a  (Table  5 ) .  I n  t h e  combined sample mean l e n g t h s  and we igh ts  were 
242 mm and 212 g. 

On 22 A p r i l  catches o f  601.4 tonnes (661.5 t ons )  were r e p o r t e d  f r om Area #5 and 
227.7 tonnes (250.5 t o n s )  f rom Area #7. The corresponding c a t c h  samples were 477 
readab le  sca les  f rom Chenik and 437 f rom F o r t i f i c a t i o n  B l u f f  (Tables 1  and 2) .  
The age composi t ions f rom t h e  two samples were found t o  be s t a t i s t i c a l l y  
d i f f e r e n t  ( X  = 20.81, P =0.04, d f  = 11; Table  4),  b u t  most o f  i t  was due t o  
d i f f e r e n c e s  among t h e  age-12 f i s h  which accounted f o r  t 4 %  o f  t h e  t o t a l  age 
composi t ion.  Wi thou t  t$e age-12 f i s h ,  however, t h e  two age composi t ions were 
s t a t i s t i c a l l y  s i m i l a r  ( X  = 9.41, P =0.49, d f  = 10 ) .  Therefore,  t h e  two samples 
were combined t o  c r e a t e  t h e  second sample s t r a t a  (Tabl  e  6 ) .  The poo led  sampl e  
had a  mean l e n g t h  and we igh t  o f  241 mm and 206 g. 

The t h i r d  sampl i n g  s t r a t a  r ep resen t  a  ha rves t  o f  2,187.6 tonnes (2406.4 t ons )  on 
25 A p r i l  f r om  Area #5. A  ca tch  sample o f  432 readab le  sca les  was ob ta i ned  f rom 
Chenik (Tables 1  and 2 ) .  Mean l e n g t h s  and we igh ts  were 243 mm and 212 g  (Table  
7 \ 

The f o u r t h  sampl ing s t r a t a  r ep resen t  a  ha rves t  o f  255.5 tonnes (281.1 t o n s )  on 
26 A p r i l ,  aga in  f rom Area #5. T h i s  ca t ch  sample o f  438 readab le  sca les  was a1 so 
ob ta i ned  f rom Chenik. Th i s  sample had a  mean l e n g t h  and we igh t  o f  237 mm and 195 
g  (Table  8 ) .  

The f i f t h  sampl ing s t r a t a  r ep resen t  a  ha rves t  o f  736.8 tonnes (810.5 t o n s )  on 30 
A p r i l  f r om  Area #9. A  ca t ch  sample o f  409 readab le  sca les  was ob ta i ned  f rom 
I n i s k i n  Bay. T h i s  sample was excep t iona l  i n  t h a t ,  f o u r  age groups comprised 10% 
o r  more o f  t h e  t o t a l  samples: ages 5, 6, 8, and 9  (Tab le  9 ) .  Mean l e n g t h s  and 
we igh ts  were 242 mm and 195 g. 

The l a s t  ca t ch  sample was taken f rom a  s e r i e s  o f  a e r i a l  survey c a l i b r a t i o n  s e t s  
made on 4  May. From a  ca t ch  o f  54.1 tonnes (59.6 tons )  i n  Area #8, Rocky Cove, 
432 readab le  sca les  were obta ined.  Mean l e n g t h  and we igh t  were 240 mm and 203 
g  (Table  10).  The p r o p o r t i o n  o f  age-9 i n  t h i s  sample was a l s o  r e l a t i v e l y  h igh,  
9.5%. 

Throughout t h e  Kamishak D i s t r i c t  f i s h i n g  season, ages 5, 6, and 8  were 
predominant i n  t h e  ca t ch  samples (mean s t a t i s t i c s  weighted by sample p e r i o d  
ca tches) .  Est imated mean l e n g t h  and we igh t  o f  t h e  e n t i r e  sac r o e  ha rves t  were 
242 mm and 207 g  (Tabl  e  11). 



Kamishak D i s t r i c t  Spawning Biomass 

During the sac roe fishery, 17,464 tonnes (19,210 tons) of herring were estimated 
to  have escaped the fishery and spawned. They are referred t o  as the early- 
spawning biomass. After the sac roe fishery, another 1,445 tonnes (1,590 tons) 
of herring were observed spawning between 15 May and 8 June (Table 12).  They 
were considered the late-spawning biomass. No t e s t  f ish samples were taken from 
the late-spawning biomass, and age composition was estimated from the regression 
of the l a t e  t o  early r a t io  on age (Figure 3 ) .  This produced an estimate of 
29,235 mill ion individuals. Their mean weight was estimated from the regression 
of l a t e  mean weight on early mean weight (Figure 4 ) .  Together, that  led to  a 
biomass estimate of 2,988 tonnes (3,287 tons) which was greater t h a n  that  from 
the aerial  surveys. However, on 12 June another 9,213 tonnes (10,135 tons) of 
herring were observed on 12 June. Test f ish samples were again n o t  taken due t o  
boats being on charter with the Exxon Valdez oil sp i l l  clean u p .  These f ish may 
or may not have been previously included as part of the spawning biomass. 
Consequently, the estimated late-spawning biomass was derived from the above 
regression model which i s  greater that  the 15 May t o  8 June estimate b u t  l ess  
than the 12 June estimate (Table 13). The combined catch, early and l a t e -  
spawning biomass estimate of age composition i s  presented in Table 14. 

Southern D i s t r i c t  Commercial Catch 

Within the Southern Dis t r ic t ,  there were 3 d of fishing, one in Mud Bay (west 
side of Kachemak Bay) and two in Ma1 1 ard Bay (east  side of Kachemak Bay). A1 1 
of the sac roe harvest and t e s t  f ish samples were also obtained within Kachemak 
Bay. A single bycatch sample was obtained from T u t k a  Bay (Table 15). A1 though 
there were significant differences in age composition (Table 16) between the east  
(Aurora Lagoon and Mallard Bay) and west (Millers Landing and Mud Bay) side of 
Kachemak bay, and within the east ,  most of the f ish were less  t h a n  6-years-old. 
The sample s izes  of readable scales ranged from 95 t o  543 (Table 15). 

Three samples were collected on the west side of Kachemak Bay. The f i r s t  was a 
t e s t  f ish sample from Millers Landing on 21 April. This sample was too small t o  
be useful by i t s e l f .  There were only 95 readable scales available. 
Nevertheless, over 89% of the samples were represented by only two large age 
classes:  ages 4 and 5 (Table 17). Mean lengths and weights were 222  mm and 143 
9. 

The second sample was from a harvest of 6.7 tonnes ( 7 . 4  tons) i n  Mud Bay on 27  
April . There were 457 readable scales collected from th i s  catch. The same two 
age groups predominated as before: ages 4 and 5 (Table 18). Mean lengths and 
weights were also similar 222  mm and 151 g. 

The final west Kachemak Bay sample was a t e s t  f ish sample from Mud Bay on 8 May. 
There were 357 readable scales. This time there were three age classes each 
greater than 10%: ages 4, 5, and 6 (Table 19). Mean lengths and weights 
increased t o  225 mm and 162 g. 



There were 5 samples c o l l e c t e d  on t h e  e a s t  s i d e  of Kachemak Bay. The f i r s t  was 
from a harves t  of 10.9 tonnes (12.0 tons)  in  Mallard Bay on 29 A p r i l .  There were 
303 readable s c a l e s .  The two l a r g e s t  age groups ( g r e a t e r  than 10%) were ages 5 
and 6 (Table 20) ,  a year  o lde r  than t h e  her r ing  found on 21 and 27 April on t h e  
west s i d e  of Kachemak Bay. Mean l eng ths  and weights were correspondingly l a r g e r  
a t  229 mm and 172 g .  

In t h e  second sample t h e r e  were 408 readable s c a l e s  from Aurora Lagoon on 3 May. 
This sample was unusual i n  t h a t  t h i s  was t h e  only sample with f i v e  age c l a s s e s  
g r e a t e r  than 10%: ages 5,  6 ,  7,  8 ,  and 9 (Table 21) .  Accordingly, mean l eng ths  
and weights were l a r g e r  a t  246 mm and 206 g.  This  sample was repor ted  t o  have 
come from wi th in  Aurora Lagoon. However, no f i s h  were seen in  t h e  1 agoon during 
t h e  a e r i  a1 s surveys.  

In t h e  t h i r d  sample t h e r e  were 373 readable s c a l e s  from a purse s e i n e  ha rves t  in  
Mallard Bay on 10 May. In t h i s  sample, t h e r e  were only two age c l a s s e s  g r e a t e r  
than 10%: ages 4 and 5 (Table 22).  Mean l eng ths  and weights were 222 mm and 151 
g .  

In t h e  fou r th  sample t h e r e  were 543 readable  s c a l e s  from Mallard Bay on 30 May. 
This sample was s i m i l a r  t o  t h e  10 May sample i n  t h a t  t h e r e  were only two age 
c l a s s e s  g r e a t e r  than 10%: ages 4 and 5 (Table 23).  Mean l eng ths  and weights were 
217 mm and 142 g.  

A shrimp trawl he r r ing  bycatch sample from Tutka Bay on 16 May (Table 15) was t h e  
l a s t  e a s t  Kachemak Bay sample. The her r ing  bycatch sample were e n t i r e l y  age-2 
her r ing  with a mean length  o f  124 mm and mean weight of 21 g (Table 2 4 ) .  S ix  
days e a r l i e r ,  f i v e  boats  f i shed  in  Tutka Bay but were unsuccessful i n  s e in ing  any 
f i s h ,  d e s p i t e  being ab le  t o  spot  272.7 tonnes (300 tons )  from t h e  a i r .  
Apparently,  t h e  age and s i z e  of t h e  her r ing  in  Tutka Bay and t h e i r  schooling 
behavior ,  away from shallow inshore  a r e a s ,  may have been t h e  reason why 
commercial boats  were unable t o  s e i n e  any her r ing  almost a week e a r l i e r .  
Throughout t h e  Southern D i s t r i c t  f i s h i n g  season, two age groups were predominant 
in  t h e  ca tch  samples (mean s t a t i s t i c s  weighted by sample period ca t ches ,  includes 
n e i t h e r  t e s t  f i s h  samples nor bycatch samples):  ages 4 and 5. Estimated mean 
length  and weight of t h e  e n t i r e  s a c  roe  harves t  were 222 mm and 152 g (Table 25).  

Southern D i s t r i c t  Spawning Biomass 

The Southern D i s t r i c t  spawning biomass was est imated t o  be 1,818.2 tonnes (2,000 
t o n s ) .  All of t h e  observa t ions  were on t h e  e a s t  s i d e  of Kachemak Bay with 80% 
between Aurora Lagoon and Mallard Bay and t h e  remainder o f f  Glac ie r  S p i t ,  i n  
Hal ibut  Cove, China Poot Bay, and upper Tutka Bay. The age composition of t h e  
spawning biomass was assumed t o  be t h e  same a s  t h e  ca tch  (Table 26) .  



Outer and Eas te rn  D i s t r i c t  Test F ish  Resul t s  

The Outer and Eastern D i s t r i c t s  were not opened t o  t h e  sac  roe  f i s h i n g  i n  1989. 
Instead e i g h t  t e s t  f i s h  samples were c o l l e c t e d  between 24 J u l y  and 27 J u l y .  
Two of t h e  samples, Nuka Bay on 25 J u l y  and Thunder Bay on 26 J u l y  (both in  t h e  
Outer D i s t r i c t ) ,  were e n t i r e l y  cape l in  (Mallotus  ni77osus) .  Although t h e r e  was 
a d e l i  be ra t e  e f f o r t  t o  f i n d  f i s h  o lde r  than age-1, very few could be found even 
among t h e  l a r g e r  specimens. The small sample s i z e s  r e f l e c t  t h e  s i n g l e  age 
s t r u c t u r e  of many of t h e  samples (Table 27) .  Most of t h e  f i s h  were age-1 even 
though t h e r e  was an obvious d i f f e r ence  in  f i s h  1 ength (Tab1 e s  28 t o  36 ) .  There 
was no geographical p a t t e r n  t o  t h e  s i z e  d i f f e r e n c e s .  Port  Dick age-1 he r r ing  
exh ib i t ed  t h e  g r e a t e s t  s i z e  range, from 75 t o  136 mm,  a s  we1 1 a s  having some of 
t h e  sma l l e s t  members. Paguna Bay and Cheval I s l and ,  on t h e  o t h e r  hand, had some 
of t h e  l a r g e r  age-1 he r r ing ,  none of which were l e s s  than 106 mm. The t o t a l  
biomass f o r  he r r ing  observed in t h e  Outer and Eastern D i s t r i c t s  on 18 J u l y  were 
conse rva t ive ly  est imated a t  29,545 tonnes (32,5000 tons)  and 30,000 tonnes 
(33,000 t o n s ) .  Estimated mean length  and weight i n  t h e  Outer D i s t r i c t  were 106 
mm and 15 g (Table 33) .  Estimated mean length  and weight i n  t h e  Eastern D i s t r i c t  
were 113 mm and 18 g (Table 36) .  
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Table 1. Sac roe h e r r i n g  catch i n  tonnes ( tons)  by  area and date, Kamishak D i s t r i c t ,  1989. 

Management Areas (south t o  no r th )  

#5 #7 #8 #9 
Nordyke Reef F o r t i f i c a t i o n  I l iamna, Cottonwood, 

Date & Chenik B l u f f  Rocky Cove & I n i s k i n  Bay To ta l  

20 A p r i l  173.2 (190.5) 83.5 (91.8) 45.0 (49.5) 301.6 (331.8) 
21 

28 
29 
30 

1 May 

Tota l  3217.7 (3,539.5) 311.2 (342.3) 54.2 (59.6) 781.8 (860.0) 4364.9 (4,801 -4 )  



Table 2. Sample s i z e s  o f  readab le  h e r r i n g  sca les,  Kamishak D i s t r i c t ,  1989. 

Management Areas (sou th  t o  n o r t h )  

# 5 #7 # 8 #9 
Nordyke I 1  iamna, 
Reef & F o r t i f i c a t i o n  Rocky Cottonwood, 

Date Cheni k Bl u f f  Cove & I n i s k i n  Bay T o t a l  

20 A p r i l  136 2 15 
2 1 
2 2 477 43 7 
23 
2 4 
2 5 43 2 
2 6 438 
2 7 
2 8 
2 9 
3 0 

1 May 
2 

T o t a l  1,483 652 342 623 3,100 



Table 3. P robab i l i t y  o f  age composition being s i m i l a r  from chi-square t e s t  of independence 
by date and area, Karnishak D i s t r i c t ,  1989. 

Area 

Fort.  EL. 
I 1  iarnna 
Cheni k 
Fort.  BI. 
Cheni k 
Cheni k 
l n i s k i n  
Rocky 

Date 

20 Apr 
20 Apr 
22 Apr 
22 Apr 
25 Apr 
26 Apr 
30 Apr 

4 May 

Nordyke 
20 Apr 

Fort.  BL 
20 Apr 

I L i amna 
20 Apr 

Chenik Fort.  BI. Chenik Chenik I n i s k i n  
22 Apr 22 Apr 25 Apr 26 Apr 30 Apr 



Table 4.  Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  sac roe  harvest by purse seine i n  Areas #5, 7 ,  & 9 ,  Nordyke Reef, F o r t i f i c a t i o n  
BLuff ,  and I l i amna  Bay, Kamishak D i s t r i c t ,  20 A p r i l  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. F i sh  
Age Male Female Unknown No. To ta l  (g )  SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

Nordyke Reef 

C 

3 1 0 0 1 0.7 86 0.0 1 189 0.0 1 
4 1 2 0 3 2.2 160 35.5 3 220 12.9 3 
5 30 19 0 49 36.0 160 18.0 49 224 8.1 49 
6 18 12 0 30 22.1 205 27.8 30 241 9.8 30 
7 2 2 0 4 2.9 239 17.7 4 252 6.1 4 
8 7 8 0 15 11.0 247 27.4 15 255 8.5 15 
9 6 7 0 13 9.6 253 34.3 13 256 10.8 13 

10 4 3 0 7 5.1 283 24.5 7 263 7.7 7 
11 4 1 0 5 3.7 268 17.4 5 258 2.8 5 
12 4 2 0 6 4.4 278 22.3 6 263 7.5 6 
13 0 2 0 2 1.5 280 33.9 2 261 0.0 2 
14 0 1 0 1 0.7 258 0.0 1 244 0.0 1 
15 
16 

Sample To ta l  77 59 0 136 100.0 208 51.8 136 240 17.6 136 

1 
2 
3 
4 1 2 0 3 1.4 151 7.0 3 223 5.9 3 
5 54 39 0 93 43.3 165 20.3 93 224 9.4 93 
6 19 15 0 34 15.8 205 27.9 34 239 9.5 34 
7 6 7 0 13 6.0 226 27.2 13 244 10.7 13 

F o r t i f i c a t i o n  B l u f f  8 12 9 0 21 9.8 247 31.5 21 252 9.6 21 
9 7 8 0 15 7.0 278 23.8 15 257 10.3 15 

10 7 6 0 13 6.0 274 21.4 13 260 7.4 13 
11 3 0 0 3 1.4 284 43.3 3 255 5.2 3 
12 7 6 0 13 6.0 282 27.9 13 264 9.4 13 
13 3 2 0 5 2.3 298 21.3 5 267 8.5 5 
14 
15 1 0 0 1 0.5 274 0.0 1 244 0.0 1 
16 1 0 0 1 0.5 206 0.0 1 254 0.0 1 

Sample Tota l  121 94 0 215 100.0 210 53.1 215 239 17.5 215 

- Continued - 



Table 4. (page 2 of 2) 

Sex Weight Length B i omass 
Percent 

No. No. No. Total of Mean Number Mean Number No. Fish 

Iliamna Bay 

Age MaleFemaleUnknown No. Total (g) SD Weighed (mn) SD Measured X I 0 0 0  Tons Tonnes 

1 
2 
3 
4 1 1 0 2 0.9 148 5.7 2 223 1.4 2 
5 34 20 0 54 25.2 163 17.5 54 226 8.4 54 
6 30 18 0 48 22.4 196 23.8 48 243 8.7 48 
7 6 3 0 9 4.2 221 25.7 9 249 10.1 9 
8 19 15 0 34 15.9 246 30.1 34 255 8.5 34 
9 10 9 0 19 8.9 263 30.6 19 260 8.5 19 

10 13 8 0 21 9.8 267 26.0 21 259 9.7 21 
11 5 6 0 11 5.1 261 13.9 11 262 5.7 11 
12 6 5 0 11 5.1 265 36.8 11 260 8.8 11 
13 2 0 0 2 0.9 299 12.7 2 267 11.3 2 
14 1 1 0 2 0.9 281 38.2 2 264 0.7 2 
15 0 1 0 1 0.5 292 0.0 1 268 0.0 1 
16 

Sample Total 127 87 0 214 100.0 218 48.9 214 246 16.1 214 

1 
2 
3 1 0 0 1 0.2 86 0.0 1 189 0.0 1 3 0.2 0.2 
4 3 5 0 8 1.4 154 20.1 8 222 7.7 8 2 0 3.4 3.1 
5 118 78 0 196 34.7 163 19.0 196 225 8.8 196 491 88.3 80.1 
6 67 45 0 112 19.8 201 26.3 112 241 9.2 112 281 62.2 56.4 
7 14 12 0 26 4.6 2 2 6 2 5 . 3  26 247 10.1 26 65 16.2 14.7 

Areas Combined 8 38 32 0 70 12.4 246 29.6 70 254 8.8 70 176 47.7 43.2 
9 23 24 0 47 8.3 265 30.7 47 258 9.7 47 118 34.4 31.2 

10 24 17 0 41 7.3 272 24.5 41 260 8.6 41 103 30.8 28.0 
11 12 7 0 19 3.4 266 21.3 19 260 5.5 19 48 14.0 12.7 
12 17 13 0 30 5.3 275 30.7 30 262 8.7 30 75 22.8 20.7 
13 5 4 0 9 1.6 294 21.4 9 266 7.7 9 23 7.3 6.6 
14 1 2 0 3 0.5 273 30.1 3 2 5 7 1 1 . 3  3 8 2.3 2.1 
15 1 1 0 2 0.4 283 12.7 2 2 5 6 1 7 . 0  2 5 1.6 1.4 
16 1 0 0 1 0.2 206 0.0 1 254 0.0 1 3 0.6 0.5 

ALL Samples Combined 325 240 0 565 100.0 212 51.3 565 242 17.3 565 1417 331.8 301.0 
Sex Composition 57.5 42.5 

Unaged 38 27 0 65 100.0 240 61.3 65 250 19.1 65 
Sex Composition 58.5 41.5 



Tab le5 .  A g e , s e x , a n d s i z e c o m p o s i t i o n o f P a c i f i c h e r r i n g s a c r o e h a r v e s t b y p u r s e s e i n e i n A r e a s # 5 & 7 , C h e n i k a n d F o r t i f i c a t i o n B L u f f ,  
Kamishak D i s t r i c t ,  22 A p r i l  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. F i sh  
Age Male Female Unknown No. To ta l  (g)  SO Weighed (mn) SO Measured X 1000 Tons Tonnes 

Cheni k 

3 

4 15 4 0 19 4.0 127 25.7 19 209 9.8 19 
5 98 71 0 169 35.4 160 21.5 169 225 10.8 169 
6 53 43 0 96 20.1 200 25.4 96 241 10.2 96 
7 13 11 0 24 5.0 230 19.4 24 252 7.0 24 
8 32 20 0 52 10.9 247 23.2 52 255 9.3 52 
9 18 20 0 38 8.0 261 26.6 38 258 8.4 38 

10 10 9 0 19 4.0 277 28.1 19 260 12.3 19 
11 13 4 0 17 3.6 284 36.3 17 264 12.9 17 
12 18 10 0 28 5.9 2 8 7 2 8 . 5  28 260 9.3 28 
13 4 1 0 5 1.0 277 24.6 5 265 10.5 5 
14 3 2 0 5 1.0 300 41.7 5 266 7.3 5 
15 3 1 0 4 0.8 295 45.7 4 266 8.8 4 
16 1 0 0 1 0.2 290 0.0 1 254 0.0 1 

Sample To ta l  281 196 0 477 100.0 208 55.6 477 241 18.8 477 

1 
L 
3 
4 9 3 0 12 2.7 135 18.1 12 216 8.7 12 
5 110 80 0 190 43.4 161 20.9 190 227 8.7 190 
6 59 41 0 100 22.8 203 24.2 100 242 7.7 100 
7 8 9 0 17 3.9 238 8.8 17 256 5.8 17 

F o r t i f i c a t i o n  B l u f f  8 25 18 0 43 9.8 2 4 9 3 4 . 0  43 255 9.6 43 
9 14 18 0 32 7.3 270 36.7 32 261 9.7 32 

10 3 13 0 16 3.7 288 28.0 16 265 9.1 16 
11 10 5 0 15 3.4 291 25.9 15 263 10.3 15 
12 2 5 0 7 1.6 296 31.2 7 268 10.9 7 
13 3 1 0 4 0.9 289 35.1 4 273 3.9 4 
14 
15 1 0 0 1 0.2 282 0.0 1 266 0.0 1 
16 1 0 0 1 0.2 334 0.0 1 264 0.0 1 

Sample To ta l  245 193 0 438 100.0 203 53.5 438 240 17.0 438 

- Continued - 



Table 5. (page 2 of  2) 

Sex Weight Length Biomass 
Percent 

No. No. No. Total of Mean Number Mean Number No. Fish 
Age Male Female Unknown No. Total (g) SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

1 
2 
3 
4 24 7 0 31 3.4 130 23.1 31 212 9.8 31 136 19.5 17.7 
5 208 151 0 359 39.2 161 21.2 359 226 9.8 359 1578 279.7 253.8 
6 112 84 0 196 21.4 201 24.8 196 242 9.0 196 862 191.4 173.6 
7 21 20 0 41 4.5 233 16.2 41 253 6.7 41 180 46.3 42.0 

Areas Combined 8 57 38 0 95 10.4 248 28.4 95 255 9.4 95 418 114.2 103.6 
9 32 38 0 70 7.7 265 31.7 70 259 9.1 70 308 89.9 81.6 
10 13 22 0 35 3.8 28228.2 35 262 11.0 35 154 47.8 43.4 
1 1  23 9 0 32 3.5 287 31.6 32 263 11.6 32 141 44.5 40.4 
12 20 15 0 35 3.8 28928.8 35 262 10.0 35 154 48.9 44.4 
13 7 2 0 9 1.0 282 28.4 9 268 8.8 9 40 12.3 11.2 
14 3 2 0 5 0.5 300 41.7 5 266 7.3 5 22 7.3 6.6 
15 4 1 0 5 0.5 292 39.9 5 22 7.1 6.4 266 7.6 5 
16 2 0 0 2 0.2 312 31.1 2 259 7.1 2 9 3.0 2.7 

ALL Samples Combined 526 389 0 915 100.0 206 54.6 915 241 18.0 915 4023 912.0 827.4 
Sex composition 57.5 42.5 

Unaged 22 23 0 45 100.0 230 53.7 45 248 18.2 45 
Sex Composition 48.9 51 .I 
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Table 7. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  sac roe harvest  by  purse se ine i n  Area #5, Chenik, Kamishak D i s t r i c t ,  26 A p r i l  
1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. F ish  
Age Male Female Unknown No. To ta l  (g)  SD Weighed (m) SD Measured X 1000 Tons Tonnes 

26 Apr i l 

1 
2 
3 
4 10 6 1 17 3.9 125 17.5 17 211 8.8 17 51 7.0 6.4 
5 100 88 2 190 43.4 159 22.5 190 224 10.1 190 567 99.1 89.9 
6 50 47 1 98 22.4 201 23.6 98 242 7.3 98 292 64.9 58.9 
7 8 8 0 16 3.7 226 32.3 16 251 7.8 16 48 11.9 10.8 
8 31 21 1 53 12.1 234 27.9 53 252 8.3 53 158 40.8 37.0 
9 9 13 0 22 5.0 2 6 8 4 1 . 0  22 258 9.2 22 66 19.4 17.6 

10 10 10 0 20 4.6 2 6 5 3 2 . 8  20 260 8.3 20 60 17.4 15.8 
11 5 5 0 10 2.3 289 34.6 10 266 8.8 10 30 9.5 8.6 
12 6 2 0 8 1.8 288 31.8 8 265 9.3 8 24 7.6 6.9 
13 1 2 0 3 0.7 287 11.5 3 265 9.2 3 9 2.8 2.6 
14 
15 
16 1 0 0 1 0.2 216 0.0 1 252 0.0 1 3 0.7 0.6 

Sample To ta l  231 202 5 438 100.0 195 50.6 438 237 17.4 438 1307 281.1 255.0 
Sex Composit ion 53.3 46.7 

Unaged 13 8 1 22 100.0 2 0 4 5 8 . 9  22 241 19.0 22 
Sex Composition 61.9 38.1 



Table 8. Age, sex, and s i z e  composition o f  P a c i f i c  h e r r i n g  sac roe harvest by purse seine i n  Area #9, l n i s k i n  Bay, Kamishak D i s t r i c t ,  30 
A p r i l  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. Fish 
Age Male Female Unknown No. Tota l  (g) SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

30 Apr i  l 

1 
2 
3 
4 5 5 0 10 2.4 120 13.6 10 213 11.9 10 92 12.2 11.1 
5 59 72 2 133 32.5 152 19.8 133 226 10.0 133 1226 205.2 186.2 
6 51 48 1 100 24.4 186 24.2 100 242 10.8 100 922 189.2 171.6 
7 7 11 0 18 4.4 214 36.4 18 249 14.5 18 166 39.1 35.4 
8 30 28 0 58 14.2 234 29.5 58 256 8.6 58 535 138.0 125.2 
9 27 22 1 50 12.2 240 21.0 50 260 8.5 50 461 122.0 110.6 

10 12 10 0 22 5.4 2 5 0 2 3 . 0  22 261 8.3 22 203 55.9 50.7 
11 5 3 0 8 2.0 286 38.0 8 270 9.4 8 74 23.2 21.1 
12 4 5 0 9 2.2 246 40.1 9 258 13.5 9 83 22.5 20.4 
13 0 1 0 1 0.2 314 0.0 1 281 0.0 1 9 3.2 2.9 
14 
15 
16 

Sample Tota l  200 205 4 409 100.0 195 47.4 409 242 17.7 409 3769 810.5 735.3 
Sex Composition 49.4 50.6 

Unaged 23 27 1 51 100.0 210 50.6 51 247 18.2 51 
Sex Composition 46.0 54.0 
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Table 10. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  sac roe  harvest by purse seine, areas and dates combined, Kamishak 
D i s t r i c t ,  20 A p r i l  - 4 May, 1989. 

Sex Weight Length B i omass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. F ish  
Age Male Female Unknown No. To ta l  (g)  SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

1 0 0 0 0 0.0 0 0.0 0 0 0.0 0 0 0.0 0.0 
2 0 0 0 0 0.0 0 0.0 0 0 0.0 0 0 0.0 0.0 
3 1 0 0 1 0.0 86 0.0 1 3 189 0.0 1 0.7 0.7 
4 54 35 2 91 1.8 129 2.8 91 213 1.6 91 384 55.2 50.3 
5 637 504 5 1146 36.1 158 1.0 1146 225 0.4 1146 7597 1323.7 1201.1 
6 399 315 2 716 22.1 199 1.2 716 242 0.4 716 4665 1024.0 928.9 
7 73 66 0 139 3.9 227 3.3 139 250 0.9 139 830 208.1 188.8 
8 212 188 1 401 13.2 245 2.0 401 256 0.6 401 2778 749.4 679.8 
9 128 128 2 258 7.8 255 2.4 258 259 0.8 258 1644 462.6 419.7 

10 92 83 0 175 5.5 267 2.6 175 260 0.9 175 1158 341.3 309.7 
11 61 47 0 108 4.5 286 5.1 108 266 1.1 108 943 297.5 270.0 
12 59 46 0 105 3.2 289 4.4 105 266 1.1 105 675 215.5 195.7 
13 18 12 0 30 1.3 299 5.4 30 265 3.0 30 271 89.6 81.4 
14 4 4 0 8 0.1 293 14.4 8 264 3.0 8 30 10.1 9.2 
15 6 3 0 9 0.4 304 23.6 9 264 1.3 9 75 25.6 23.1 

Areas & dates combined 1748 1431 12 3191 100.0 207 1.4 3191 242 0.5 3191 21063 4801.4 4364.9 



Table 11. Ear ly  and Late-spawning herr ing biomass estimates by area, Kamishak D i s t r i c t ,  1989. 

Area 

North o f  Dry Bay 
O i l -Dry  Bay 
I n i s k i n  Reef and Bay 
Cottonwood Bay 
Ursus Cove 
Rocky Cove and 

F o r t i f i c a t i o n  B l u f f  
Bru in Bay 
Contact Point 
Amakdedori Beach 

Chenik-Nordyke-McNeil 
Kamishak-Douglas Reef 
August i ne 

Tonnes Tons 

Earlya   ate^ Total Earlya   ate^ Total 

Through 14 May. 
Between 15 May and 8 June. On 12 June, another 9,213 tonnes (10,135 tons) was observed. 
The f i n a l  estimate i s  2,988 tonnes (3,287 tons, see tex t  f o r  de ta i l s ) .  



Table 12. Age composi t ion o f  ear ly-spawning h e r r i n g  biomass est imated from catch data  and late-spawning biomass from regress ion model, 
Kamishak D i s t r i c t ,  1989. 

E a r l y  Late  Both Spawning Biomass 

B i omass B i omass 
Percent Mean Percent Mean Percent Mean 

Age o f  Weight No. F ish  o f  Weight No. Fish o f  Weight No. F ish  
(years) To ta l  (g )  X 1000 Tons Tonnes To ta l  (g )  X 1000 Tons Tonnes To ta l  (g )  X 1000 Tons Tonnes 

1 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0 0 0.0 0.0 
2 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0 0 0.0 0.0 
3 0.0 86 0 0.0 0.0 1.5 68 306 22.8 20.7 0.3 68 306 22.8 20.7 
4 1.8 129 1519 215.5 195.9 19.1 108 3784 447.5 406.9 5.1 114 5302 663.0 602.7 
5 36.2 158 30540 5307.9 4825.4 45.9 136 9101 1357.0 1233.7 38.0 153 39642 6664.9 6059.0 
6 22.1 199 18645 4081.3 3710.3 18.5 176 3664 710.9 646.3 21.4 195 22309 4792.2 4356.6 
7 3.9 227 3290 821.6 746.9 4.1 205 819 184.8 168.0 3.9 223 4110 1006.4 914.9 
8 13.2 245 11136 3001.2 2728.4 5.1 224 1007 247.8 225.2 11.7 243 12143 3249.0 2953.6 
9 7.8 255 6581 1845.8 1678.0 2.5 234 499 128.4 116.8 6.8 254 7079 1974.3 1794.8 

10 5.5 267 4640 1362.8 1238.9 1.4 247 284 77.2 70.2 4.7 266 4924 1440.0 1309.1 
11 4.5 286 3796 1194.4 1085.8 0.9 267 182 53.5 48.6 3.8 285 3979 1247.9 1134.4 
12 3.2 289 2700 858.2 780.2 0.6 270 111 33.1 30.1 2.7 288 2811 891.3 810.3 
13 1.3 299 1097 360.7 327.9 0.3 281 51 15.8 14.3 1.1 298 1148 376.5 342.3 
14 0.1 293 84 27.2 24.7 0.1 274 10 3.0 2.7 0.1 291 94 30.2 27.5 
15 0.4 304 337 112.8 102.6 0.1 286 16 5.0 4.6 0.3 303 353 117.9 107.2 

To ta l  207 84365 19210.0 17463.6 151 19835 3286.9 2988.1 196 104200 22476.4 20433.1 



Tab le  13. Age compos i t i on  o f  P a c i f i c  h e r r i n g  c a t c h  and 
spawn, Kamishak D i s t r i c t ,  1989. 

Biomass 

Age % o f  Mean N o . F i s h  
( y e a r s )  T o t a l  W t .  (g)  ( X  1000) Tons Tonnes 

T o t a l  198 125,253 27,265.0 24,786.3 



T a b l e  14. Sample s i z e s  o f  r e a d a b l e  h e r r i n g  s c a l e s ,  
Southern  D i s t r i c t ,  1989. 

Shr imp 
Sac Roe T raw l  

Da te  T e s t f i s h  H a r v e s t  Bycatch T o t a l  

21 A p r i l  9 5 9 5 
2 7 457 457 
2 9 303 303 
03 May 408 408 
0 8 357 357 
10 373 3 73 
16 11 1 111 
3 0 543 543 

T o t a l  1776 760 11 1 2647 



Table 15. P r o b a b i l i t y  o f  age composition being s i m i l a r  from chi-square t e s t  o f  independence by date  and area, 
Southern D i s t r i c t ,  1989. 

M i l l e r s  L. Mud Bay Ma l l a rd  B. Aurora L. Mud Bay Ma l l a rd  B. Tutka Bay 
Area Date 21 Apr 27 Apr 29 Apr 3 May 8 May 10 May 16 May 

Mud Bay 27 Apr 0.37 
Ma l l a rd  Bay 29 Apr 0.01* 0.01* 
Aurora Lagoon 3 May 0.01* 0.01* 0.01* 
Mud Bay 8 May 0.04* 0.06 0.01* 0.01* 
M a l l a r d B a y  10May 0.01* 0.01* 0.01* 0.01* 0.01* 
Tutka Bay 16 May 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 
Ma1 l a r d  Bay 30 May 0.01* 0.01* 0.01* 0.01* 0.01* 0.03* 0.01* 



Table 16. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  t e s t  f i s h  catch by purse se ine i n  M i l l e r ' s  
Landing, Southern D i s t r i c t ,  21 A p r i l  1989. 

Sex Weight Length 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number 
Age Male Female Unknown No. To ta l  (g )  SD Weighed (wn) SD Measured 

21 Ap r i  l 

5 

4 12 4 0 16 16.8 108 14.3 16 207 8.8 16 
5 48 21 0 69 72.6 143 15.7 69 222 7.0 69 
6 1 3 0 4 4.2 190 47.6 4 236 18.2 4 
7 0 1 0 1 1.1 152 0.0 1 223 0.0 1 
8 2 0 0 2 2.1 193 35.4 2 245 12.7 2 
9 1 0 0 1 1.1 224 0.0 1 257 0.0 1 

10 1 0 0 1 1.1 212 0.0 1 257 0.0 1 
11 
12 1 0 0 1 1.1 226 0.0 1 256 0.0 1 
13 
14 
15 

Sample To ta l  66 29 0 95 100.0 143 29.0 95 222 12.5 95 
Sex Composit ion 69.5 30.5 

Unaged 4 4 0 8 8.4 172 22.7 8 230 22.7 8 
Sex Composit ion 50.0 50.0 



Table 17. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  sac roe harvest by purse seine i n  Mud Bay, Southern D i s t r i c t ,  
27 A p r i l  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. Tota l  o f  Mean Number Mean Number No. F i sh  
Age Male Female Unknown No. To ta l  (g)  SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

27 A p r i l  

1 
2 0 0 3 3 0.7 26 5.1 3 127 6.7 3 0 0.0 0.0 
3 0 3 1 4 0.9 6 8 2 1 . 1  4 175 17.0 4 0 0.0 0.0 
4 37 31 1 69 15.1 111 17.1 69 204 9.3 69 7 0.8 0.7 
5 154 100 8 262 57.3 140 18.6 262 219 8.6 262 25 3.9 3.6 
6 23 19 2 44 9.6 180 27.3 44 236 11.8 44 4 0.8 0.8 
7 8 9 0 17 3.7 202 25.3 17 241 11.2 17 2 0.4 0.3 
8 13 8 0 21 4.6 220 41.7 21 248 11.7 21 2 0.5 0.4 
9 11 4 0 15 3.3 217 29.6 15 247 11.5 15 1 0.3 0.3 

10 7 4 0 11 2.4 232 44.2 11 257 9.9 11 1 0.3 0.2 
11 4 4 0 8 1.8 256 21.3 8 261 4.8 8 1 0.2 0.2 
12 0 2 0 2 0.4 276 7.8 2 269 1.4 2 0 0.1 0.1 
13 1 0 0 1 0.2 242 0.0 1 276 0.0 1 0 0.0 0.0 
14 
15 
16 

Sample To ta l  258 184 15 457 100.0 151 44.2 457 222 19.5 457 44 7.4 6.7 
Sex Composit ion 58.4 41.6 

Unaged 17 4 2 23 100.0 149 42.2 23 224 18.5 23 
Sex Composit ion 81.0 19.0 



Table 18. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  t e s t  f i s h  ca tch  by purse se ine i n  Mud Bay, 
Southern D i s t r i c t ,  8 May 1989. 

Sex Weight Length 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number 
Age Male Female Unknown No. To ta l  (g )  SD Weighed (m) SD Measured 

8 May 

L 

3 7 4 0 11 3.1 8 4 1 1 . 1  11 188 8.1 11 
4 27 24 0 51 14.3 105 14.9 51 199 8.6 51 
5 87 98 2 187 52.4 152 26.2 187 222 9.1 187 
6 16 30 0 46 12.9 187 29.0 46 236 11.1 46 
7 7 5 0 12 3.4 195 28.2 12 238 7.4 12 
8 7 3 0 10 2.8 214 29.2 10 248 9.6 10 
9 9 14 0 23 6.4 2 4 3 3 0 . 7  23 255 7.3 23 

10 2 3 0 5 1.4 270 43.3 5 261 9.0 5 
11 3 7 0 10 2.8 278 41.1 10 264 7.5 10 
12 2 0 0 2 0.6 275 1.4 2 264 2.1 2 
13 
14 
15 
16 

Sample To ta l  167 188 2 357 100.0 162 51.1 357 225 19.7 357 
Sex Composit ion 47.0 53.0 

Unaged 14 15 0 29 100.0 166 56.9 29 225 21.7 29 
Sex Composit ion 48.3 51.7 



Table 19. Age, sex, and s i z e  composition of  P a c i f i c  herr ing sac roe harvest by purse seine i n  M a l l a r d  Bay, Southern 
D i s t r i c t ,  29 A p r i l  1989. 

Sex Weight Length Biomass 

29 Apri l 

Percent 
No. No. No. Tota l  o f  Mean Number Mean Number No. Fish 

Age Male Female Unknown No. Tota l  (g )  SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

1 
2 
3 1 0 0 1 0.3 86 0.0 1 195 0.0 1 0 0.0 0.0 
4 20 8 0 28 9.2 111 12.1 28 204 6.9 28 6 0.7 0.6 
5 63 52 2 117 38.6 144 18.5 117 218 9.3 117 24 3.9 3.5 
6 35 31 0 66 21.8 178 24.8 66 233 11.0 66 14 2.7 2.5 
7 11 7 1 19 6.3 193 28.8 19 240 11.2 19 4 0.8 0.8 
8 15 9 0 24 7.9 226 28.7 24 246 9.1 24 5 1.2 1.1 
9 19 10 0 29 9.6 234 27.7 29 251 8.6 29 6 1.6 1.4 

10 6 5 0 11 3.6 238 32.5 11 256 7.0 11 2 0.6 0.5 
11 3 2 0 5 1.7 234 41.5 5 257 10.7 5 1 0.3 0.2 
12 3 0 0 3 1.0 259 48.4 3 263 8.1 3 1 0.2 0.2 
13 
14 
15 
16 

Sample Tota l  176 124 3 303 100.0 172 46.3 303 229 18.2 303 63 12.0 10.9 
Sex Composition 58.7 41.3 

Unaged 14 15 0 29 100.0 192 50.7 29 233 18.4 29 
Sex Composition 48.3 51.7 



Table 20. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  t e s t  f i s h  ca tch  by purse se ine i n  Aurora Lagoon, 
Southern D i s t r i c t ,  3 May 1989. 

sex Weight Length 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number 
Age Male Female Unknown No. To ta l  (g)  SD Weighed (mn) SD Measured 

3 May 

1 
2 
3 2 1 0 3 0.7 92 9.2 3 193 3.8 3 
4 8 7 1 16 3.9 1 1 7 1 1 . 5  16 208 7.8 16 
5 38 22 0 60 14.7 151 21.7 60 225 10.6 60 
6 40 16 0 56 13.7 185 27.7 56 239 9.0 56 
7 28 17 0 45 11.0 215 22.9 45 249 6.5 45 
8 60 18 3 81 19.9 219 28.8 81 253 8.3 81 
9 63 24 0 87 21.3 231 24.5 87 255 8.1 87 

10 2 1 5 0 26 6.4 2 3 9 3 2 . 6  26 257 9.7 26 
11 16 3 0 19 4.7 259 32.2 19 262 9.4 19 
12 10 3 0 13 3.2 268 31.4 13 262 8.1 13 
13 0 1 0 1 0.2 248 0.0 1 260 0.0 1 
14 
15 1 0 0 1 0.2 266 0.0 1 272 0.0 1 
16 

Sample To ta l  287 117 4 408 100.0 206 45.9 408 246 16.7 408 
Sex Composit ion 71.0 29.0 

Unaged 15 5 0 20 100.0 1 9 9 6 5 . 2  20 239 22.8 20 
Sex Composit ion 75.0 25.0 



Table 21. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  sac roe  harvest by purse se ine i n  Ma l l a rd  Bay, Southern 
D i s t r i c t ,  10 May 1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number No. F i sh  
Age Male Female Unknown No. To ta l  (g) SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

10 May 

1 
2 
3 12 7 0 19 5.1 76 8.9 19 184 8.3 19 4 7 3.9 3.5 
4 66 62 0 128 34.3 106 15.2 128 204 12.1 128 314 36.7 33.3 
5 54 65 0 119 31.9 150 21.5 119 223 13.1 119 292 48.3 43.8 
6 17 16 0 33 8.8 180 28.7 33 236 12.7 33 8 1 16.1 14.6 
7 6 8 0 14 3.8 206 22.7 14 247 7.8 14 34 7.8 7.1 
8 10 10 0 20 5.4 2 3 2 3 3 . 2  20 254 8.2 20 49 12.6 11.4 
9 13 12 0 25 6.7 235 25.9 25 256 8.6 25 61 15.9 14.5 

10 5 3 0 8 2.1 262 45.5 8 261 13.0 8 20 5.7 5.1 
11 1 3 0 4 1.1 2 6 2 2 4 . 5  4 10 2.8 2.6 265 2.2 4 
12 1 1 0 2 0.5 264 50.9 2 273 5.7 2 5 1.4 1.3 
13 0 1 0 1 0.3 302 0.0 1 275 0.0 1 2 0.8 0.7 
14 
15 
16 

Sample To ta l  185 188 0 373 100.0 151 54.9 373 222 24.0 373 916 152.0 137.9 
Sex Composit ion 49.6 50.4 

Unaged 10 17 0 27 100.0 179 68.4 27 230 25.8 27 
Sex Composit ion 37.0 63.0 



Table 22. Age, sex, and s i z e  composi t ion o f  P a c i f i c  h e r r i n g  t e s t  f i s h  catch by purse se ine i n  M a l l a r d  Bay, 
Southern D i s t r i c t ,  30 May 1989. 

30 May 

Sex Weight Length 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number 
Age Male Female Unknown No. To ta l  (g)  SD Weighed (m) SD Measured 

1 
2 
3 18 15 1 34 6.3 8 9 2 3 . 2  34 189 11.8 34 
4 96 143 11 250 46.0 113 16.9 249 204 11.3 250 
5 64 80 7 151 27.8 149 23.0 151 222 13.3 151 
6 17 15 2 34 6.3 174 23.5 34 234 12.5 34 
7 9 9 0 18 3.3 196 33.3 18 244 14.7 18 
8 5 8 1 14 2.6 239 25.3 14 258 14.0 14 
9 13 6 0 19 3.5 241 30.5 19 254 12.2 19 

10 6 10 0 16 2.9 254 41.2 16 256 14.3 16 
11 1 6 0 7 1.3 314 51.0 7 272 8.8 7 
12 
13 
14 
15 
16 

Sample To ta l  229 292 22 543 100.0 142 50.9 542 217 22.3 543 
Sex Composit ion 44.0 56.0 

Unaged 19 18 0 37 100.0 131 39.5 37 214 21 -4  37 
Sex Composit ion 51.4 48.6 



Table 23. Age, sex, and s i z e  composition o f  P a c i f i c  h e r r i n g  bycatch i n  shrimp t raw l ,  Tutka Bay, Southern 
D i s t r i c t ,  16 May 1959. 

sex Weight Length 
Percent 

No. No. No. To ta l  o f  Mean Number Mean Number 
Age Male Female Unknown No. Tota l  (g) SD Weighed (mn) SD Measured 

1 
2 0 0 111 111 100.0 21 3.3 111 124 6.3 111 
3 
4 
5 
6 
7 
8 
9 

10 
11 

16 May 

Sample To ta l  0 0 111 111 100.0 21 3.3 111 124 6.3 111 



Table 24. Age, sex, and s ize  composition of Paci f ic  herring sac roe harvest by purse seine, areas and dates combined, 
Southern D i s t r i c t ,  27 Apri l  - 10 May, 1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. Total of Mean Number Mean Number No. Fish 
Age MaleFemaleUnknown No. Total (g) SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

1 0 0 0 0 0.0 0 0.0 0 0 0.0 0 0 0.5 0.5 
2 0 0 3 3 0.0 26 2.9 3 127 3.9 3 0 0.5 0.5 
3 13 10 1 24 4.7 76 2.0 24 184 1.9 24 48 4.4 4.0 
4 123 101 1 225 32.0 106 1.3 225 204 1.0 225 327 38.7 35.1 
5 271 217 10 498 33.3 149 1.7 498 222 1.0 498 341 56.6 51.4 
6 75 66 2 143 9.7 180 4.1 143 236 1.8 143 99 20.1 18.4 
7 25 24 1 50 3.9 205 5.2 50 246 1.8 50 40 9.5 8.7 
8 38 27 0 65 5.5 231 6.5 65 253 1.6 65 56 14.8 13.4 
9 43 26 0 69 6.6 235 4.7 69 255 1.5 69 68 18.3 16.7 

10 18 12 0 30 2.2 259 14.0 30 260 4.0 30 23 7.1 6.3 
11 8 9 0 17 1.2 259 10.3 17 264 1.0 17 12 3.8 3.5 
12 4 3 0 7 0.6 264 29.5 7 271 3.3 7 6 2.2 2.1 
13 1 1 0 2 0.2 299 0.0 2 275 0.0 2 2 1.3 1.2 
14 0 0 0 0 0.0 0 0.0 0 0 0.0 0 0 0.5 0.5 
15 0 0 0 0 0.0 0 0.0 0 0 0.0 0 0 0.5 0.5 

ALL periods combined 619 496 18 1133 100.0 152 2.6 1133 222 1.1 1133 1023 171.9 156.0 



Table 25. Age compos i t i on  o f  P a c i f i c  h e r r i n g  
spawning biomass es t imated  f rom 
ca t ch  data,  Southern D i s t r i c t ,  1989. 

Biomass 
Aqe # F i s h  

( yea rs )  X 1000 Tonnes Tons 

1 0 0.0 0.0 
2 0 1.8 2 .O 
3 1124 85.5 94.0 
4 5489 581.8 640.0 
5 4063 605.5 666.0 
6 980 176.4 194.0 
7 346 70.9 78.0 
8 433 100.0 110.0 
9 511 120.0 132.0 

10 154 40.0 44.0 
11 84 21.8 24.0 
12 0 10.9 12.0 
13 0 3.6 4.0 
14 0 0.0 0.0 
15 0 0.0 0.0 

To ta l  13185 1,818.2 2,000.0 



Table 26. Sample s i z e s  o f  readab le  h e r r i n g  sca les ,  Outer  and Eas te rn  
D i s t r i c t s ,  1989. 

Number 
o f  Age Sample 

Date D i s t r i c t  Loca t i on  Classes S i ze  

24 J u l y  Outer  P o r t  D i ck  Bay 3  148 
2 5 Moon1 i g h t  Bay 1 40 
2 6 Paguna Arm 1  40 
2  6  C r a t e r  Bay 2  4  5 
2  7 Eastern Day Harbor 1  4 0  
2  7 Cheval I s 1  and 1  4 0  
2 7 Verdant Bay 1  40 

T o t a l  393 



Table 27. Age, sex, and s ize  composition of Pac i f i c  herr ing t e s t  f i s h  harvest by purse seine i n  Por t  Dick, Outer D i s t r i c t ,  
24 Ju ly  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. Total o f  Mean Number Mean Number No. Fish 
Age Male Femaleunknown No. Total (g) SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

24 Ju ly  

Sample Total 0 0 148 148 100.0 16 13.0 148 106 14.0 148 58 1 1  
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Table 34. Age, sex, and s ize  composition o f  P a c i f i c  herr ing tes t  f i s h  harvest by purse seine i n  Verdant Bay, Eastern 
D i s t r i c t ,  27 Ju ly  1989. 

Sex Weight Length Biomass 
Percent 

No. No. No. Total o f  Mean Number Mean Number No. Fish 
Age MaleFemaleUnknown No. Total (g )  SD Weighed (mn) SD Measured X 1000 Tons Tonnes 

27 Ju ly  

3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Sample Total 0 0 40 40 100.0 13 2.8 39 104 7.9 40 67 1 1  
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Figure 3. Regression of late on early-spawning herring. 

I 1 I I I I I I I I I I I 

20 60 100 140 180 220 260 300 

early wt  

Figure 4. Regression of 1 ate on early-spawning herring mean weight. 



Because the Alaaka Department of Fish and Game receives federal funding, all of its 
public programs and activitier are operated free from discrimination on the basis of race, 
religion, color, national origin, age, sex, or handicap. Any person who believea he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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